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F ootball (soccer) is the most commonly played sport at both elite and grassroots level in many countries. A survey carried out by the German Olympic 
Sports Confederation (DOSB) found that football is by 
far the most popular sport among male children (7 to 14 
years) and adolescents (15 to 18 years). For girls in these 
age groups, football is second only to gymnastics. Over-
all, it can be assumed that around 1.65 million boys and 
300 000 girls in Germany currently play football on an 
organized basis (1). The consequences of football in 
terms of typical injuries and their prevention have been 
the subject of numerous studies (2). Both professional 
and amateur sports players have been reported to have an 
elevated prevalence of osteoarthritis in later years (3). In 
the general population many factors contribute to the 
 pathogenesis of osteoarthritis (4), but in elite sportsmen 
and -women a central role is played by the strains and in-
juries specific to the respective sport (5–7). Professional 
footballers who have never suffered a major injury to the 
knee joint have a significantly (1.3-fold) elevated risk of 
knee osteoarthritis; the increase in risk is even greater 
(2.9-fold) if footballers with knee injuries are included 
(8). Alongside the increased prevalence of knee joint 
problems in general and osteoarthritis in particular, 
 ex-professional football players have been found to have 
a high (55 to 63%) incidence of genu varum (bowlegs) 
(9). For adults there is strong evidence that genu varum 
accelerates the progress of knee osteoarthritis (10). It is 
even highly probable that genu varum is an independent 
risk factor for the initial onset of knee osteoarthritis (11, 
12). Several pathomechanisms have been proposed as 
causes of football-associated genu varum, e.g., muscular 
dysequilibrium and asymmetric overloading of the 
growth plates (13–17). Overall, however, little in the way 
of epidemiological or biomechanical data is available on 
this potential consequence of intensive football playing 
during the growth phase. 
We carried out a systematic review and meta-
analysis to investigate the risk for development of 
genu varum from intensive football training in 
childhood and adolescence and identify possible 
 pa thomechanisms.
Methods
Two of us (PHT, FC) carried out a systematic survey of 
the literature in the databases Medline, PubMed, Embase, 
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and Cochrane Library to find publications on the topic of 
a possible link between football playing in childhood and 
adolescence and development of genu varum. The publi-
cations identified as potentially relevant were read in full, 
and for the studies selected for review we also scrutinized 
the references for relevant publications. The documents 
were examined to sift out not only epidemiological data 
but also information on the pathogenesis of sports-related 
genu varum. Differences in the results of the literature 
survey were discussed and a consensus reached between 
the two investigators (for the structured approach to the 
literature survey, see Figure 1). The following search 
terms were used, individually and in groups connected 
with “AND”: “football”, “soccer”, “child/children”, 
“adolescent/adolescence”, “varus knee”, “knee varum”, 
“genu varum”, “bowlegs”. The possible combinations 
were also connected (“AND”) with the following indi-
vidual terms: “biomechanics”, “joint”, “growth plates”, 
“lower leg alignment”, “muscle contraction”, “osteo -
arthritis”, “muscle contraction”, “risk factors”, “fatigue”, 
“collateral ligament”, “adductive muscle”, “anterior cru-
ciate ligament”, “growth deformity,” and “high activi ty 
sports”. The systematic review was registered in 
 PROSPERO (ID 97109).
After selection of the studies containing epidemi-
ological data, the Newcastle–Ottawa Scale (NOS) (18) 
was used to assess the quality of the publications and 
determine their eligibility for statistical analysis. The 
full text of the articles was then scrutinized and the data 
needed for analysis were extracted. Since the clinical 
evaluation of intercondylar distance (ICD) or inter-
malleolar distance (IMD) is the conventional way of 
determining the leg axis in children (Figure 2), we fo-
cused on the relationship between playing football 
during the growth phase and ICD as a measure of 
bowlegs or IMD as a measure of knock-knees. 
 Because growth and development of lower limb 
 geometry differ considerably between the sexes, only 
controlled studies with males were included. The 
 probands of all the studies included were young high-
performance footballers following intensive training 
programs. The presence of data on mean ICD/IMD and 
their standard deviation was a criterion for inclusion in 
the meta-analysis. 
The DerSimonian and Laird random-effects 
model with inverse variance weighting of the 
 individual studies (23) was used for meta-analysis. 
Because the outcome (ICD/IMD value) is continu-
ous, the mean difference (MD) between the football 
players and the control group was chosen as the 
measure of effect for the meta-analysis. The 
extracted means and standard deviations for individ-
ual age groups were pooled to obtain comparable 
age categories. The software R (version 3.4.3) was 
used for all statistical analyses. 
Results
 Literature search and selection
The systematic literature survey identified 1188 poten-
tially relevant documents (Figure 1). After detailed 
screening of titles and abstracts and removal of dupli-
cates, 29 articles remained for full-text evaluation. Six of 
these publications contained epidemiological data on the 
occurrence of bowlegs in pre-adult footballers. One very 
early study, published in 1950 (24), had to be excluded 
owing to the absence of control groups and deficient 
methods (measurement of ICD in finger breadths).
The five remaining studies were basically of good 
systematic quality and scored at least 6 points on the 
NOS (18) (Table 1). Four of the five fulfilled the 
above-mentioned criteria for meta-analysis and had 
basically comparable methods of measuring ICD/
IMD (13, 14, 16, 17). The study by Colyn et al. (15) 
could not be analyzed together with these four publi-
cations because of its differing (radiographic) method 
of measurement (Table 2). The methodically sound 
study by Yaniv et al. (17) could not be used for quanti-
tative evaluation due to the absence of standard 
 deviations. The remaining three studies (13, 14, 16) 
contained all the data required for meta-analysis.
Studies included in the meta-analysis
Abreu et al. (14) found premature alteration of the leg 
axis from valgus to varus in a majority of football players 
FIGURE 1
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as young as 12. In the control group, the leg axes only 
became predominantly varus from the age of 16 years 
onward. The prevalence of bowlegs among young foot-
ballers was 73.3%, approaching double that in boys of 
the same age who were not active sports players 
(40.6%). The authors assumed that varization of the leg 
axis in football players is caused by repeated micro -
trauma to the growth plates above and below the knee. 
They discussed the possibility of selection bias: children 
with bowlegs are thought to be better at football and may 
therefore receive more encouragement.
Witvrouw et al. (16) used a positioning guide in 
measuring the ICD of footballers from two top-class 
clubs in Belgium. The control group comprised 
 athletes with similarly high performance who did not 
play football. The 16- to 18-year old football players 
had a significantly (p = 0.028) higher rate of varus leg 
axis. The authors assumed a football-specific dys-
equilibrium of the leg muscles to be the main reason.
Asadi et al. (13) found significantly higher ICD in 
probands who played football for more than 6 h each 
week than in boys of the same age who played foot-
ball for less than 6 h per week (3.01 cm versus 
2.28 cm; p = 0.0001). The prevalence of bowlegs in 
the footballers was also significantly greater than in a 
subgroup of the controls who played other sports 
(basketball, volleyball, handball) that could be 
 assumed to feature similar stresses from cutting 
 maneuvers. The authors postulated that the reason lay 
in movements specific to football, such as shooting 
for goal.
Meta-analysis
Altogether, n = 1344 footballers and 1277 controls were 
investigated. All n = 3 studies included in the meta-
analysis showed a significant MD in ICD/IMD between 
football players and controls; the groups of footballers 
always showed higher mean ICD values. The pooled 
 effect estimator for the MD from the random-effects 
model was 1.50 cm (95% confidence interval [0.53; 
2.46]). The fixed-effects model yielded an overall esti-
mator of 0.75 cm ([0.64; 0.86]). There was significant 
heterogeneity among the studies (I² = 96%, p <0.01) 
(Figure 3).
For n = 2 studies common age groups could be 
formed. The mean ICD/IMD measurements per age 
group are shown in Figure 4.
Discussion
The physiological development of the leg axis in the 
first 10 years of life is a dynamic process. The varus 
alignment of infancy gradually changes to valgus, 
 attaining a maximum at the age of around 5 years. 
This valgus decreases continually during the rest of 
the growth phase, and the physiological tibiofemoral 
angle (TFA) in adulthood is 5 to 7°, usually corre-
sponding to a centered mechanical leg axis (22, 25, 
26). Epidemiological investigations in children and 
adolescents are restricted to clinical examinations such 
as the measurement of ICD and IMD or observational 
studies; precise determination of the leg axis by radi-
ography cannot be justified in healthy persons. Since 
the value of the existing studies lies primarily in 
identification of differences between the study groups 
and the control groups, a meta-analysis of the 
 published data seems particularly appropriate. One 
weakness of our review is the small number of rel-
evant studies and their limited comparability. The fact 
that in all studies the hypothesis was confirmed 
strongly suggests that further research is warranted.
Our random-effects meta-analysis showed that in-
tensive football playing in childhood and adolescence 
has a significant effect on the leg axis. Despite the high 
study quality (Table 1), the results of the studies are 
heterogeneous. A fixed-effects model would yield a 
(significantly) smaller pooled MD, because the study 
by Asadi et al. (13) is weighted particularly heavily 
due to the large number of cases and thus contributes 
almost exclusively to the overall estimator. Several 
factors may contribute to the heterogeneity. For in-
stance, Witvrouw et al. (16), unlike the authors of the 
other studies, used movable footplates to avoid  
FIGURE 2
Clinical and radiological assessment of lower limb geometry 
 (modified from [19–22]) 
HKA, Hip–knee angle;  
ICD, intercondylar distance;  
IMD, intermalleolar distance;  
mLDFA, mechanical lateral distal femoral angle;  
MPTA, medial proximal femoral angle;  
TFA,  tibiofemoral angle
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muscular tension during measurements. Moreover, the 
control groups of the three studies were not identical: 
Abreu et al.’s (14) control group comprised boys of the 
same age who were not especially active, while that of 
Witvrouw et al. (16) was made up of adolescents who 
played other sports at a similar level of intensity. Asadi 
et al. (13) divided their control group into subgroups 
based on the number of hours of football per week to-
gether with other sporting activity. Finally, given that 
the studies were carried out in different countries, the 
measured values may have been influenced by un-
quantified ethnic and sociocultural differences among 
the study groups.
In the case–control studies by both Abreu et al. (14) 
and Witvrouw et al. (16), genu varum was much more 
pronounced in the older subgroups. Abreu et al. (14) 
observed a transition from a physiologically mostly 
valgus leg axis to predominantly varus lower limb ge-
ometry in boys as young as 12, whereas Witvrouw et 
al. (16) saw this change from the age of 14 upwards. 
No valid statement can be made with regard to the 
training intensity and methods of the various football 
clubs. Our requests for information about study de-
tails and unpublished data went unanswered. Owing 
to the low number of studies and the associated diffi-
culty of reliably detecting publication bias, no funnel 
plot was generated.
Discussion of the studies not included in the 
 meta-analysis
In the study by Colyn et al. (15), young adults were 
questioned about their sporting activity in childhood and 
the results were correlated with lower limb geometry on 
whole-leg radiographs. There was a subgroup analysis 
FIGURE 4 Mean ICD/IMD and 
95% confidence in-
tervals by age group 
for football players 
(a, c) and control 
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for football. Men who had played football intensively in 
their youth had a significantly (p <0.009) smaller 
hip–knee angle (HKA), and thus a much greater varus 
malalignment of the leg axis, than those who had played 
little sport. Furthermore, the age groups 10 to 12 years 
and 15 to 17 years were found to have a significantly 
(p <0.05) smaller HKA than athletes from other high-im-
pact sports. The most prominent result was the definition 
of reduction in the medial proximal tibial angle (MPTA) 
as a specific and major cause of the varus displacement 
in footballers. In all age groups the MPTA was signifi-
cantly reduced in the football players:
● 10- to 12-year-olds: 85.8 ° (± 2.1 °), p = 0.002
● 13- to 14-year-olds: 85.9 ° (±  2.3 °), p = 0.030
● 15- to 17-year-olds: 85.6 ° (± 2.1 °), p = 0.001.
Yaniv et al. (17) conducted a cohort study in foot-
ballers and tennis players aged 10 to 21 years, using 
clinically determined ICD and IMD to assess the leg 
axis. From the age of 13 years onward, the football 
players had a significantly (p <0.001) higher 
 prevalence of genu varum. The authors mentioned 
 additional stress mechanisms in football, e.g., shoot-
ing, as a potential reason for the higher prevalence of 
bowlegs, but also drew attention to the possibility of 
selection bias due to potential advantages conveyed 
by genu varum, such as better balance during drib-
bling and changes of direction.
The results of both studies show that even in 
 comparison with other high-impact sports, football 
particularly favors the development of genu varum. 
With the aid of our systematic literature survey, we 
sought to identify football-specific pathomechanisms.
Possible pathomechanisms
Changes of direction while running cause increased 
mechanical strain (27); furthermore, dynamic knee 
joint stabilization decreases with increasing neuro -
muscular fatigue and the rate of injuries rises (28–30). 
Independently, the cleated shoes worn by footballers 
restrict external rotation in the stance phase and in-
crease the varus load on the knee joint (31). Some 
 authors are of the opinion that the adductor muscles are 
a decisive factor in the development of varus deformity 
(13, 16, 17). Relevant injuries are more likely (56%) to 
affect the leg predominantly used for shooting (32). 
The adductor muscles do not overlap the knee joint, 
however, and varus deformities in various specific 
sports show no difference between the weight-bearing 
leg and the shooting leg (15).
In contrast, the so-called hamstrings (the semitendi-
nosus, semimembranosus, and biceps femoris 
muscles) overlap both of the growth plates in the 
 vicinity of the knee, with the pulling force exerted on 
the medial aspect being twice as high as that exerted 
on the lateral aspect. This is the most frequently in-
jured group of muscles among football players (32, 
33). 
The growth plates above and below the knee joint 
generate most of the growth in leg length and, for 
geometric reasons, exert the greatest effect on the leg 
axis. Especially in the prepubertal rapid growth 
phase, overloading due to trauma or chronic, repeti-
tive dysequilibrium can lead to asymmetric growth 
(34, 35). The medial tibial growth plate seems 
 particularly vulnerable (Figure 5) (15).
Conclusion
The published data indicate that the risk of bowlegs is in-
creased in adolescents who spend a very large amount of 
time playing football. However, the mean values of the 
studies included in our meta-analysis were strongly 
 heterogeneous, although in all studies the groups of 
football players showed higher mean ICD values 
 compared to control groups. One possible reason for the 
heterogeneity is the varying degree of sporting activity in 
the respective control groups. All three studies investi-
gated high-performing male footballers who were still 
growing, but the precise intensity of training is not de-
scribed. We do not believe it would be appropriate to 
extrapolate our findings to sporting activity at less inten-
sive levels. In adults genu varum has been shown to be a 
Figure 5: Bilateral varus deformity of the leg axis resulting from malalignment of the proximal 
tibia. Medial proximal femoral angle (MPFA) (Figure 1): right 83 °, left 81 ° (normal range 
85–90 °)
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risk factor for more rapid progress of knee osteoarthritis. 
Despite the limited amount of data published to date, 
genu varum can be assumed to represent an independent 
risk factor for the development of knee osteoarthritis. 
Chronic, repetitive asymmetric overloading of the 
growth plates in the vicinity of the knee joint and tension 
on the hamstring muscles may be responsible for the de-
velopment of varus deformity of the leg axis. The tibial 
growth plate seems to be more vulnerable than its femo-
ral counterpart. The most sensitive age is the prepubertal 
phase of rapid growth. 
Further research by sports scientists and physicians is 
necessary to elucidate the pathomechanisms and work 
out specific strategies for prevention. Special training 
measures, e.g., to improve dynamic knee joint stability, 
may be helpful in this regard, together with modified 
footwear and adjustment of training intensity for the 
most vulnerable age group.
Key messages
● A systematic review of the literature around the influence of football on the 
 development of genu varum identified 29 publications directly related to the topic, 
including five studies with epidemiological data.
●  All five of the epidemiological studies point to a connection between intensive 
 football playing by children and adolescents and the risk of varus deformity of the 
leg axis.
●  The meta-analysis showed a significantly higher mean intercondylar distance 
(1.5 cm, 95% confidence interval [0,53; 2,46]) in footballers than in controls.
●  Sport-specific overloading of the growth plates above and below the knee joint can 
be assumed to be the most likely pathomechanism.
● The necessity of further research and development of measures to prevent genu 
varum is underlined by the high number of young people potentially affected.
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